The average daily gains (ADG) were found to be 510.3 and 511.8 
Introduction
India being an agricultural country with a large population of livestock consisting of 210.2 million cattle and 111.3 million buffaloes [1] . Present potential availability of dry roughages, green fodder and concentrates in the country is to the extent of 393.38, 462.05 and 35.32 million tonnes, respectively [2] . It was estimated that, India is deficit in dry fodder by 13%, green fodder by 33% and concentrates by 25% [3] . Crop residues like straws, Kadbies and stovers form the major components of livestock diet in India. The main limiting factor in their utilization is due to their low palatability, protein and energy content. Supplementation of leguminous fodders with crop residues improve the digestibility and nutrient utilization and lowers the production cost of animal industry.
Mulberry is a shrub or tree traditionally used in sericulture in various countries. It belongs to the order Urticales, the family Moraceae and the genus Morus. There is an estimated 68 species of the genus Morus with the majority of them occurring in Asia [4] . The most common species are M. alba, the white mulberry (M. nigra), black mulberry (M. rubra), red mulberry (M. indica). Mulberry (Morus alba) crop is grown widely in some districts of Andhra Pradesh where sericulture is common. Mulberry is a perennial shrub, cultivated as a plantation crop. The annual yield of this crop is about 8-10 tonnes/acre. The area under cultivation of this plantation crop in Andhra Pradesh state is 1, 83,538 acres (Department of Sericulture, Government of Andhra Pradesh). Although most of it is used for silkworm industry, left overs and crop residues are used for feeding livestock in the villages. In this investigation, an attempt was made to study the effect of supplementation of mulberry hay with the chopped sorghum straw (1:1 ratio) on growth rate and digestibility of the nutrients in crossbred calves.
II. Materials and Methods

Preparation of Experimental Rations
Two experimental rations used are chopped sorghum straw ad libitum + concentrate mixture to meet the requirement (Ration 1) and chopped sorghum straw and chopped mulberry hay in 1:1 ratio ad libitum + concentrate mixture to meet the requirement (Ration 2). The chopped sorghum straw (8mm size) was obtained from local market and used for feeding the calves. The mulberry fodder was harvested on 50 th day after seventh cut and was chopped to 10-12 mm size. The chopped fodder was dried under shade and preserved in gunny bags for feeding to the calves. The concentrate mixture was proportioned in 100 kg batches as per formula (Table 1) . The ingredients requiring grinding were ground in hammer mill using 8 mm sieve. The ingredients, mineral mixture and vitamin supplement were mixed in horizontal batch mixer. 
Growth Studies 2.2.1 Selection and Distribution of Experimental Animals
Twelve crossbred (Ongole X Holstein Friesian) heifer calves 6-12 months of age, weighing 69.0 to 149.0 kg obtained from dairy experimental station, Rajendranagar, Hyderabad, India. The animals were randomly divided into two groups, containing six animals in each group in such a way that the group average body weights were 103.29±5.58 (Ration 1) and 103.92±12.58 (Ration 2). The two experimental rations were allotted to two groups of animals.
Housing, Feeding and Watering Management of Animals
All the animals were housed in a well ventilated shed with provision for individual feeding and with an open yard outside. The animals were dewormed at the beginning of the experiment and once again after 3 months of the commencement of the experiment. Throughout the experimental period healthy surroundings and proper cleanliness were maintained in experimental shed. Experimental rations 1 and 2 were randomly assigned to 2 groups of animals. All the experimental animals were fed with respective experimental rations for a period of 180 days. The animals on ration 1 were fed chopped sorghum straw ad libitum and concentrate mixture to meet the requirements, based on body weight of the animals. The animals on ration 2 were fed ad lib mixed fodder comprising mulberry hay and chopped sorghum straw in 1:1 ratio and concentrate mixture to meet the requirements, based on body weight of the animals. The animals were offered the respective rations at 9 AM and 3PM. The residues if any, were weighed on the next day morning. Clean and wholesome water was made available to each animal twice daily. The DM content of feeds offered and residues was estimated to arrive at exact quantity of feed consumed.
Live Weight Recording
Initial weight of the animals were recorded at the beginning of the growth experiment and then the weights are recorded at every fortnightly before feed and water was offered. At the end of the experiment average daily gain was calculated by using the formula.
Final weight (kg) --Initial weight(kg) Average daily gain (kg) = ________________________ Number of days (180)
Digestion Studies
A digestion trial was conducted on all 12 animals which were in the experiment to assess the nutrient digestibility of the 2 rations during the middle of the growth experiment. A7-day collection period was conducted during which faecal and feed samples were collected and stored for further analysis.
Sampling of Feed and Feed Residues
Representative samples of each of the 2 rations were taken every day before feeding to the animals and estimated the dry matter by drying in hot air oven at 100±5 0 C over night. These samples were pooled for 7 days and ground in a laboratory Wiley mill and preserved in polythene bags for subsequent analysis. Similarly representative samples of feed residues of each ration were collected every day, for its DM estimation.
Collection of Faeces
Faeces as and when voided were collected carefully into separate containers (Buckets) which were closed with tight lids to prevent drying. The total quantity of faeces voided during 24 hours period was weighed daily at 9.00 a.m. The faeces thus collected was thoroughly mixed and a representative sample was taken from each animal into a bottle (approximately 500 g) and carefully carried to the laboratory for analysis.
Aliquoting and Preservation of Faeces
For nitrogen estimation, 1/100 th part of the faeces voided each day by individual animal was weighed, mixed with sufficient quantity of 25 per cent sulphuric acid and preserved in previously weighed air tight stoppered sample bottles. Daily samples were preserved in the same labelled bottles. After a 7-day collection period, the weights of the sample bottles were recorded and the samples were analysed for nitrogen content. For DM estimation, an aliquot of 1/10 th part was taken into petridishes from the individual animals separately and dried in a hot air oven overnight at 100±5 0 C. The dried samples were pooled, ground in a laboratory Wiley mill and stored in polythene bags separately for subsequent analysis.
Analytical Methods
Estimation of dry matter, organic matter, crude protein, ether extract, crude fibre, nitrogen-free extract and total ash was done [5] . The metabolisable energy content of the rations was calculated using the factors recommended by NRC (1978, DE X 0.82). The experimental data were analysed by appropriate methods [6] .
III. Results
Chemical composition of experimental ration
Proximate composition of concentrate mixture, mulberry hay, chopped sorghum straw (Sorghum kutti) and mixed fodder comprising chopped Sorghum straw and mulberry hay in 1:1 ratio is presented in Table 2 . 
Digestibility studies
Dry matter, organic matter, crude protein, crude fibre, ether extract and nitrogen free extract digestibilities of ration 1 and ration 2 were presented on table 3. The dry matter and organic matter digestibilities were significantly (P<0.01) different among the rations. Ration 1 having more digestibilities might be due to more intake of concentrate mixture. The crude protein digestibility was significantly (P<0.05) higher in ration 2 in comparison to ration 1. This higher CP digestibility in ration 2 could be due to inclusion of high quality mulberry hay in ration 2. The CF digestibility coefficients were decreased significantly (P<0.01) from ration 1 to ration 2. The EE and NFE digestibilities were comparable among the two rations fed to crossbred calves. 
Growth studies
The data pertaining to dry growth performance, dry matter intake and feed efficiency are presented in Table 4 . The minimum and maximum total weight gains (kg) were 77.75 and 109.50; 75.83 and 105.00 were recorded in the animals of group 1 and 2, respectively during the experimental period of 180 days. The average daily gain was 510.00 and 511.67 g in crossbred calves fed rations 1 and 2, respectively which were comparable among the rations. The average total dry matter intake (kg), DMI (kg)/animal/day, DMI (kg) per 100kg body weight non significantly different among two experimental rations fed to crossbred calves. The average dry matter consumption (kg) per kg live weight gain (feed efficiency) was also not significantly (P>0.05) different among the two rations. 
IV. Discussion
Chemical composition of the experimental feeds
In the present study the mulberry fodder was chopped and dried in shade. This chopped hay was supplemented with chopped sorghum straw in the ratio of 1:1 (mixed fodder). The composition of mulberry hay is comparable to sorghum straw with respect to DM, OM and NFE. The protein (CP) content was higher by 8.57 per cent. The composition recorded in this study was comparable to the reports of [7] , [8] , [9] , [10] and [11] . The chemical composition of mulberry hay was comparable to conventional legume fodder and hence, can be supplemented to the straws. Chemical composition of chopped sorghum straw used in this experiment concurred with the values of earlier reports [12] , [13] , [14] .
Digestion studies 4.2.1 DM digestibility
The DM digestibility was significantly (P>0.01) lower on ration 2 as compared to ration1. Increased DM digestibility on ration 1 compared to ration 2 was a reflection of nutrient digestibility due to increased consumption of concentrate mixture. DM digestibility of ration 2 was 57.36 per cent, which is higher than the reports of [15] . They reported the sorghum straw DM digestibility was near to 50 per cent. This increase in the digestibility might be due to supplementation of mulberry hay in the ration 2. Similar results were reported with sorghum hay in cows [16] . Supplementation of lucerne or berseem with sunflower straw improved the DM digestibility of ration in goats and sheep [17] .
OM digestibility
The significant (P<0.01) increase of OM digestibility by 3.31 per cent with ration 1 as compared to ration 2. This might be due to fewer intakes OM through roughage component of the ration1. The mean digestibility coefficients of CP of ration 1 was lower (P<0.05) by 2.71 per cent as compared to ration 2. The higher value in ration 2 was attributed to higher intake of protein through roughage portion/component of the ration and also due to more DCP content of mulberry hay as compared to sorghum straw. The increased CP digestibility was reported on sun hemp hay based rations in bullocks [18] , [19] .
CF digestibility
Though the DMI was higher with ration 1 as compared to ration 2, the CF intake was lower and the digestibility of CF (Table 3 ) was 8.61% higher (P<0.01) with ration 1 than ration 2. This decrease digestibility in ration 2 may be attributed to higher intake of CF, through higher roughage intake. Similar higher CF digestibility was recorded [20] , [15] , [12] , in hybrid sorghum kadbi (sorghum vulgare) in dairy heifers and on the contrary lower CF digestibility was reported [21] with sorghum in buffalo calves. However supplementation of sun hemp hay meal/ subabul leaf meal [22] and berseem to jowar straw improved the utilisation of crop residues in the rations of crossbred calves.
EE digestibility
Higher ether extract intake on ration 2 was due to higher EE content of mulberry hay. However, there was no significant difference in the digestibility coefficients of EE between the two rations. These results are corroborative with those reported [23] where they found non significant difference between the experimental rations in complete diets of cattle containing crop residue mixtures and these results are in contrast with the observation of [24] where it was replaced increased EE digestibilities for complete mash feeds containing 46 per cent sorghum straw. [25] also recorded no significant difference in EE digestibilities when fed cowpea hay in buffalo calves. Similar EE digestibilities were recorded [26] in goats, fed subabul supplemented diet.
NFE digestibility
Increased NFE intakes on ration 1 may be attributed to high levels of NFE in the concentrate mixture as compared to ration 2. However, there is no significant difference in the NFE digestibilities among the two rations. These NFE digestibility were comparable with [27] fed pillipesara hay, [8] fed mulberry leaf stalk and [28] fed cowpea hay in rams. Though the NFE digestibility was lower with ration 2 as compared to ration 1, but there was an improvement in the digestibility of NFE to that of jowar straw. These results are comparable with the results reported by [10] and [11] in crossbred cattle fed mulberry hay as sole ration and mulberry hay with urea treated sunflower straw respectively.
Growth studies
The average daily gains (ADG) recorded on both the rations was not significantly different. However, the weight gains recorded on ration 2 were on par with the ration 1 indicating mulberry hay can be supplemented to straw at 1:1 ratio for growing crossbred calves. The DM intake per kg weight gain (feed efficiency) was 7.47 and 7.59 for the rations 1 and 2, respectively in crossbred calves indicating that both the rations were palatable where the mulberry hay was replaced with 0.66 kg of concentrates per animals per day. The weight gains recorded in this investigation are at par with the reports of [29] , [30] on complete ration with 50 percent wheat straw in crossbred calves. [31] on subabul green foliage with rice straw in crossbred calves, [32] on rye grass plus lucerne hay in crossbred heifers. However, the lower weight gains were recorded by [19] with rumen degradable protein in crossbred female calves, [33] on different percentages of urea in a diet in crossbred calves. And higher weight gains were reported by [34] fed leucaena in buffalo calves, [35] in buffalo calves fed concentrate mixture and wheat straw, [14] fed sorghum straw and sun hemp hay in crossbred heifers. The minimum and maximum daily weight gains were 432 and 608; 421 ad 583 in group 1 and 2, respectively. This variation in gains could be due to differences in age of the animals. However, the average daily gain did not differ significantly though there is a much variation in daily gains between the animals, within a group.
Feed efficiency
Feed efficiency (DM intake per kg weight gain) did not differ significantly among the two groups indicating that the mulberry hay could replace concentrate mixture 0.66 kg per animal per day at 1:1 ratio (sorghum straw: mulberry hay) in the crossbred calves. These results indicates, better utilization of nutrients, with wider concentrates: roughage, ratio on ration 2 as compared to ration 1. The feed efficiency values were optimum and comparable to the reports of [31] in crossbred calves fed leucaena foliage. However, increased feed efficiency was reported by [22] in crossbred heifers fed sorghum straw plus sun hemp hay. The results of growth study indicate that 0.66 kg of concentrate mixture per animal per day could be saved by mulberry hay supplementation in growing crossbred calves.
V. Conclusion
Based on the results of this investigation it is inferred that, mulberry hay is palatable, improves the nutrient utilization of straw rations and can be safely supplemented at 50 per cent level as a leguminous component of the diet and supplementation of mulberry hay to jowar straw, feed cost can be reduced by saving 0.66 kg concentrate mixture per animal per day in growing crossbred calves.
